Experimental systems that enable the controlled perturbation of environmental parameters toward future scenarios are in high demand and becoming increasingly advanced. Herein, we describe the design and assess the performance of a large-scale, flow-through, mesocosm system. Located in the northern Gulf of Aqaba, the Red Sea simulator (RSS) was constructed in order to expose local coral reef organisms to future ocean scenarios. Seawater temperature and pH are typically set to a delta from incoming seawater readings and thus follow the diel range. This is achieved through automated monitoring (sensor-carrying robot) and feedback system and a remote-controlled user interface. Up to six different temperatures and four pH scenarios can be concomitantly operated in a total of 80 experimental aquaria. In addition, the RSS currently facilitates the manipulation of light intensity, light spectra, nutrient concentration, flow, and feeding regime. Monitoring data show that the system performs well; meeting the user-defined environmental settings. A variety of reef organisms have been housed in the system for several months. Brooding reef building and soft coral species maintained in the simulator for many months have released planulae in synchrony with field colonies. This system boasts a high degree of replication, potential for multistressor manipulation, typical physiochemical environmental variability, and remotely controlled monitoring and data acquisition. These aspects greatly enhance our ability to make ecologically relevant performance assessments in a changing world.
As the environmental effects of rising atmospheric carbon dioxide concentrations become apparent, research efforts are becoming increasingly focused in this direction (Haunschild et al. 2016) . Two principal climate consequences of increasing carbon dioxide concentrations are decreasing ocean pH (ocean acidification) and rising sea surface temperature. The ability to expose organism(s) to precise, user-defined conditions while maintaining field applicability is a fundamental experimental need in order to investigate the implications of climate change.
Although field experiments allow samples to be taken directly from their natural environment, manipulation of abiotic parameters in the natural environment is complex and unachievable in many cases. Field sites such as CO 2 vents or diurnally heated lagoons have been suggested as "natural laboratories" to study the effects of rising CO 2 , yet these exemplarily field sites still have the inherent property of being uncontrollable and may differ from the average ocean, e.g., in trace element profiles (Horwitz and Fine 2014) . Laboratory-based experimental systems are therefore required to directly relate defined environmental conditions to organisms' responses. Closed mesocosms have the advantage of enabling research to take place at a distance from the field site. For example, tropical corals have been maintained at institutes in England (D'Angelo and Wiedenmann 2012; Camp et al. 2015) and the deep-sea coral species Lophelia pertusa in Germany (B€ uscher et al. 2017) . However, these "foreign" mesocosms often have constant abiotic conditions and require the production of artificial seawater, the use of artificial lighting, and artificial feeding thereby reducing field applicability. Overall then, the optimum experimental facility must comprise a balanced trade off of the known drawbacks and limitations of each approach. The use of mesocosms which allow for the controlled manipulation of multiple parameters while maintaining environmental variability have therefore been advocated to fill this niche (Stewart et al. 2013; Gunderson et al. 2016) .
In response to these requirements, large, open systems, with high-flow rates are looked upon as the future of climate change research, such as the SEASIM facility in the Australian Institute for Marine Sciences (https://www.aims. gov.au/seasim, accessed 25 January 2018). In situ floating (Kim et al. 2008; Riebesell et al. 2013 ) and benthic mesocosms (Campbell and Fourqurean 2011; Kline et al. 2012 ) may enable straightforward control over abiotic parameters such as ambient temperature and light. In addition, the in situ set up removes the infrastructure required to create a flow-through system. The large capacity of these mesocosms enables community level studies but their large size typically limits replication or multistressor experimental designs. Smaller individual experimental units in land-based flowthrough mesocosms give researchers continuous access and simplified husbandry, e.g., in the cases of Jokiel et al. (2014) in Hawaii and of Falkenberg et al. (Falkenberg et al. 2016) in Australia. A marine mesocosm facility at the Coral Vivo Project Research Station in Brazil has high replication (48 tanks) of up to four temperatures and four pH treatments (Duarte et al. 2015) . Within this system, treatment conditions are set to a delta from reef water conditions, maintaining field variability. In addition, this system is also equipped to expose organisms to local scale stressors such as additional nutrients or contaminants. These kinds of systems should serve as examples and greatly elevate our ability to understand responses to anthropogenic changes.
Tropical coral reefs are an ecosystem under severe threat from anthropogenic activities (Hoegh-Guldberg et al. 2017) ; changes in multiple parameters are taking place and these often cooccur on coral reefs. Coastal development, e.g., may result in sedimentation and pollution simultaneously or sea surface temperature rise may be concomitant with eutrophication or ocean acidification. Whether multiple stressors interact synergistically, additively, or antagonistically has a significant impact on the physiological response of organisms. Combined increased temperature and pCO 2 have been shown to have a greater negative impact on coral physiology when compared to in isolation (Anlauf et al. 2011; Albright and Mason 2013) . It is also beneficial to assess the relative impact each parameter has in order to improve management efforts. During a bleaching event in the Caribbean in 2005, it was concluded that global climate stressors, radiation, and temperature were the strongest predictors of coral mortality compared to local human population density (Welle et al. 2017) . Contrastingly, in other locations, there are indications that local scale human impacts reduce coral resilience to global stressors (see Ban et al. 2014; Hughes et al. 2017 for review) . It is therefore important that experiments are able to manipulate multiple parameters both in combination and in isolation from each other.
The "Red Sea simulator" (RSS) for future ocean simulations has been developed in response to these requirements and attempts to alleviate many of the limitations of the aforementioned systems. The RSS is an open, flow-through system utilizing seawater from the adjacent (20 m) Gulf of Aqaba (GoA). A total of 80 discrete experimental tanks allow for a high degree of replication and multistressor experimental designs. The most novel advancement of this system is continuous robot operated monitoring and data acquisition to remotely controlled software. This development enables high resolution and precision manipulation of experimental parameters, rapid problem solving, and the generation of high-resolution data sets, all with reduced human effort. Herein, we describe the technical design and capabilities of the RSS in Eilat, Israel.
Materials and procedures

General set up
The ) to exclude macro marine biota such as fish and large invertebrates. These mesh covers are manually scrubbed clean once a month to maintain water flow. At any one time, a single pump works and a second is maintained as a back-up. In addition, the pipes are occasionally backwashed with freshwater which also fills the pipe not in use in order to limit encrusting organism growth. The pumps are connected to a generator in case of a loss of main power supply. Before entering the system, the water is further filtered by dual filters (mesh 120, micron 130: Arkal Filtration Systems, Netafim, Israel), which are manually rinsed of debris every day. Water is then split between four 2000 L-mixing tanks into which pure CO 2 is bubbled to manipulate pH (Fig. 1) . The mixing tanks are opaque black and located in a dark, insulated container in order to prevent algal growth and reduce solar heating. In each mixing tank, a power head (Atmon AT 107, 2000 L/h) continuously stirs the seawater. Mixing tanks are also equipped with a pressure sensor (ADZ NAGANO, Germany) to report water level. These sensors control incoming flow of seawater by opening or closing the water valves. Thereafter, water flows toward the experimental aquaria. Overflow drains remove wastewater that is sand filtered before returning to the sea. All aquaria pipelines are opaque black to reduce algal growth and cleaned as required using pipe cleaners in order to maintain strong flow.
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Depositing sediments are also flushed from the pipelines once a week by opening the drainage pipe. Temperature in experimental aquaria is individually manipulated via a heat exchanger (see "pH and temperature manipulation" section). There are eighty 40-L glass experimental aquaria (Fig. 2 ) in which the complete turnover time is 15 min. The experimental aquaria are divided equally between the four CO 2 mixing tanks and so there is the potential for 20 aquaria to simultaneously maintain each pH condition although all are fed from only one of the four mixing tanks. Quasi continuous monitoring and an automated messaging alert system (see "Automated monitoring" section) notify the user enabling swift action to be taken, to minimize the consequences of any hardware malfunctions.
pH and temperature manipulation
Seawater pH is adjusted in four independent mixing tanks by bubbling in pure CO 2 from gas cylinders. The CO 2 inlet is directly attached to power heads in the tank in order to better diffuse the gas into the water and reduce waste via immediate out gassing. pH probes (Cole-Palmer pH electrode, EW-05658-45) within each mixing tank quasi-continuously feedback the measured pH to a custom designed software (see "Monitoring" section). In response to a pH above the desired value, valves open to allow CO 2 to diffuse into the base of the mixing tanks. To prevent overdosing, CO 2 solenoid valves (Bakara, Geva, Israel) open for a few seconds only in each dosing cycle until the desired pH is achieved. Likewise, when pH readings fall to the desired minimum, the CO 2 valves are no longer opened. The system is typically set to tolerate 6 0.58C and 6 0.02 pH units of fluctuation beyond the desired value before readjustments are initiated.
Temperature is controlled by a closed and isolated freshwater circuit system, divided into warm and cold lines that flow under the experimental tanks. Two heaters/chillers (Compact-Y EXP SM, TXAEY 117-130, Rhoss, Italy; cooling capacity: 17.7-29.1 kW; heating capacity: 17.6-34.0 kW) work in parallel to maintain two large (1500 L) freshwater reservoirs at 128C and 408C. A temperature sensor in each experimental aquarium continuously reports the temperature to the main controller facilitating a fast response to any deviation. A power head in each aquarium (Aqua One Maxi 103, 1200 L/h) draws water through the heat exchanger and back to the tank, thereby independently adjusting the water temperature within each experimental aquarium unit. Titanium heat exchangers under each experimental tank (Supporting Information Fig. S1 ) allow seawater coming from the aquarium to flow counter current to the temperature regulated freshwater in the heat exchanger. Two potentiometric (three way) valves determine if cold or warm water flows into the heat exchanger and in what volume, according to the deviation from the set temperature. In this manner, temperature control in each aquarium is independent from every other. To reduce solar heating, improve mixing, and avoid direct sunlight on the corals, smaller power heads (Aqua One Maxi 101, 400 L/h) are placed as wave generators to disrupt the water's surface. Both power heads, as well as the incoming water tap, facilitate circulation within each experimental aquarium, reducing patchiness. A total of four different pH scenarios and up to six different temperature scenarios can be simultaneously incorporated within one experimental design.
Experimental aquaria corresponding to the four mixing tanks are randomly interspersed throughout the system in order to reduce experimental artifacts. Furthermore, where four different pH levels are not required by the experimental design, two different mixing tanks can be set to the same pH and the test organisms dispersed between experimental aquaria downstream of these mixing tanks to reduce mixing 
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A large future ocean mesocosm in the Gulf of Aqaba tank effects. Tables and tanks used for modified thermal regimes are chosen randomly for each experiment rather than sequentially ordered and are rotated periodically depending on the duration of the experiment. In the interest of avoiding tank effects (although these can be incorporated as blocking factors into statistical analyses), during the course of experiments the mixing tanks used to produce each desired pH are switched. In addition, the experimental aquaria in which test organisms are placed are also rotated, in particular to reduce the effect of differential light distribution over the system throughout the day. These rotations of pH, temperature, and experimental aquaria always occur on measurement days; as organisms are removed from aquaria for measurements (e.g., lab monitoring such as metabolism incubations), they are returned to a different aquarium in the system. Alternatively, it is possible to exchange the incoming water pipe (corresponding to a different mixing tank) to an individual aquarium.
Automated monitoring
A two-armed robot, wheeled on rails and operated by an electric engine, moves between rows one and two of the experimental tanks (Fig. 3 ) taking approximately one hour to complete a cycle, depending on the experimentalist set sampling period. It is equipped with pH, temperature and oxygen probes on each arm in order to monitor each aquarium 24/7 and reports the data directly to the software and adjustments are autonomously induced within the system where necessary. The robot positioning system is based on radio frequency identification tags (RFID), attached to the rail under each tank. When the robot detects a tank address, it stops, and then lowers the sensors for measurements. The probes are lowered into each experimental aquarium for 100 s before a reading is logged. Sampling time in each tank is easily adjusted between 5 s and 300 s but no less than 60 s is used since tests have shown this is typically the maximum time taken to obtain a stable pH reading. A stainless steel frame connected to a microswitch protects the tanks and the sensors from potential breakage if a positioning error were to occur or an obstruction is encountered. In such a case, the microswitch is triggered; the robot stops, lifts the arms above the tanks, and then directly continues to the next tank.
The sampling limits of the robot can be adjusted to repeatedly sample and focus monitoring effort on fewer tanks when those on the periphery of the system are not in use. Furthermore, the robot can be programmed to skip intermediate tanks where monitoring is not desired. Using only two sets of probes on all treatment aquaria decreases the probability of discrepancy between probes and errors arising from probe calibration. All pH electrodes (Polilyte Plus H Arc 120, Hamilton) within the RSS are routinely wiped clean and calibrated (twice per week) against National Bureau of Standards (NBS) scale buffers of 4.01, 7.00, and 10.00 at 258C to ensure the correct performance of the mesocosm.
The RSS is controlled by custom designed software (Crystal OPC, Kibbutz Samar, Israel). All information logged by the system is reported in real time to the software and stored on the IUI server. A user may view a graph including the recorded data (e.g., temperature, pH, dissolved oxygen) over the past days for each experimental aquarium or mixing tank with a single click. A link to a small meteorological station above the RSS allows the user to observe real time air conditions (temperature and humidity). Via a screen sharing software, the system can be operated remotely, which allows international collaborators to control and monitor an experiment with little on site help. This software also serves as the platform through which the user sets the system to the desired values of temperature and pH. In addition, the user can set range limits at which to be alerted by email and/or text messages. The system alerts are triggered by many more critical events such as a power failure, a robot obstruction, and mixing tank overflow or low level. It is this tight regulation of parameters as well as the alert system which reduce the possibility of a malfunction, e.g., within one of the mixing tanks, from impacting all of the replicates within the affected treatment. To date, there has never been such a malfunction, which was a not quickly resolved or caused severe deviation from the experimental design.
Both temperature and pH can be set to either a fixed value or set to a delta from incoming ambient reef water conditions. Defining the parameters as a delta, e.g., 38C above and 0.3 pH units below ambient, maintains the natural diurnal and seasonal trends present on the reef within the experimental aquaria and thereby increasing field applicability. Maintaining diel variability is the default setting in the RRS but where these fluctuations are not required by the experimental design, fixed values can be selected within the software.
Additional options
When desired, a camera is mounted on the robot's extended arms and a photo is taken when the arm reaches its final position in the tank (Supporting Information Fig.  S2 ). The camera is equipped with an array of light emitting diodes (LEDs) so that photos can also be acquired during dark hours. Images are stored separately, in sequence, per tank in a designated folder on the IUI server. A monitoring pulse amplitude modulated (PAM) fluorometer (PAM, WALZ, Germany) is also mounted on each robot arm (Fig. 3) . The PAM head is installed in a custom-made cradle (IUI R&D) allowing compensation for differences in coral height and to prevent coral or tank damage. The monitoring PAM is triggered for saturation pulse 20 s after the robot arms reach the lowest position to allow for relaxation of water movement. Incident light and the data obtained following a saturation pulse are recorded and stored per tank when the sensors have reached their final "down" position in the tank (see Supporting Information Fig. S3 for an example data set). To date, the monitoring PAM was used to measure massive corals only but an advanced version of the cradle is currently being developed to allow measurement branching corals and sea grass. In addition to the primary aim of manipulating pH and temperature, the system can also be configured with optional add-ons to experiment with more parameters. For example, a controlled dosing device can be attached to an external tank or upon the robot arms to feed nutrient enriched seawater into the experimental aquaria.
When Optionally, colored filters (Lee Filters, UK) can quickly be placed and removed around every individual aquarium or as an overhead or side mounted sheet to adjust the spectra in the system. A choice of shades including blue, green, red, and neutral density enables light manipulation from full spectrum high intensity to dark and therefore represents the entire depth gradient over which coral reef organisms exist in this region
Assessment
To date, the RSS has been used for multiple experiments (Bellworthy and Fine 2017; Krueger et al. 2017) , sometimes in parallel, and has reliably manipulated pH and temperature between 7.0-8.28C and 18-388C, respectively (Fine unpubl.) , regardless of the ambient seawater temperature or weather conditions. Automated and manual monitoring have demonstrated that the system is successfully engineered to alter and maintain user-defined values of pH and temperature in fully factorial or regression style experimental designs and to maintain distinct differences between ambient and experimental treatments. For example, during a recent experiment, the combined low-pH (7.8) and high-temperature (1 58C) treatment was replicated in three aquaria (Krueger et al. 2017) . During 47 days' exposure, mean (6 standard deviation) pH and temperature were maintained at 7.81 6 0.098C and 28.5 6 0.698C (Fig. 4, Table 1 ). This treatment successfully maintained different conditions to that of the ambient control but with similar variability (pH: 8.1 6 0.03; temperature: 23.85 6 0.578C). As seen in Fig. 4 as incoming seawater peaks toward midday, there is a concomitant rise in treatment and ambient aquaria temperature. Ambient seawater temperature was well maintained in ambient aquaria during this period.
The defined pH is well maintained within a narrow range in the experimental aquaria. However, from Fig. 4 , it appears that some of the diel variability seen in the incoming seawater pH is lacking in the experimental aquaria, and that the diel range occurs on shorter time scales. How to best improve this issue is currently under discussion. Occasional deviations from the typical trend can occur as a result of transient low-flow around the pH probes, as seen in seawater pH on the 3 rd day and 24 th night in Fig. 4 . These events, however, do not normally affect readings of the pH in the experimental tanks (Fig. 4) since the pH probes are independent of each other. There is however the possibility that incorrect pH, or temperature, reading of the incoming seawater will initiate an incorrect manipulation of treatment pH or temperature since treatment conditions is set to a delta from seawater values. However, deviations from desired Bellworthy and Fine A large future ocean mesocosm in the Gulf of Aqaba values rarely reach downstream into experimental tanks as the researcher defines strict alert limits and such problems can therefore be quickly handled. Total alkalinity (Metrohm Compact Titrosampler) does not differ between experimental treatments or from the natural seawater (Supporting Information Table S1 ). Low pH treatments successfully increase pCO2 and dissolved inorganic carbon (DIC) with a concomitant decrease in omega aragonite saturation state (Table 1) . Despite the high turnover, dissolved oxygen spikes before midday (photosynthesis) concomitantly with photosynthetically active radiation before the rising sun moves above the overhead shade (Fig. 4) . The magnitude of the diel range depends upon the quantity of organisms in each aquarium, including fouling macroalgae. Macroalgae are manually removed from the experimental aquaria as required in order to increase the stability in conditions of light, pH, and dissolved oxygen. The elemental composition (metals, macroelements) of the water within experimental aquaria tightly matches the composition of reef water (Supporting Information Table S1 ). This analysis verifies that there is little contamination arising from the system's materials, perhaps with the exception of aluminum, which is already at relatively high levels in the GoA. Macronutrients in experimental tanks (January 2018: experimental aquaria, n 5 16, morning and evening samples over 4 d; mean 6 SD: nitrite 1 nitrate 5 0.235 6 0.074 lmol/L; phosphate 5 0.030 6 0.021 lmol/L) are within the typical average annual range experienced on the reef (Supporting Information Table S1 ).
Owing to the automated alarm system and continued support of the Crystal-Vision engineering team (Kibbutz Samar, Israel), deviations outside the user-defined range are in all cases quickly resolved. A particularly hot summer period in late August 2015 has been the only noticeable sustained departure from the desired temperature within the RSS. Experimental tank temperature breached the set upper threshold when air temperatures were above 508C for multiple consecutive days. This issue was resolved by better insulating above groundwater supply pipes. This solution was deemed a success as temperature control was maintained in 2016 despite even higher maximum daily air temperatures. Further shading and reflective insulation was added in summer 2017 in order to obtain the low temperatures required by the experimental design.
Discussion
Herein, we report the successful design and implementation of a climate change mesocosm facility for experimentation upon a wide range of marine organisms from the GoA, Red Sea. This flow-through system is located outdoors and therefore organisms experience conditions similar to the reef particularly, with regard to photoperiod, lunar cycle, and water chemistry. Water temperature and pH are typically set to a delta from incoming seawater in attempt to maintain diel variability. Consequently, organisms in the RSS are exposed to natural physiochemical variability during experiments which is a vital aspect in creating accurate climate change predictions (Gunderson et al. 2016) . Furthermore, there is the option to manipulate many other parameters, including nutrient dosing, light intensity, light spectra, and water flow, for individual aquaria. The automated monitoring and alarm system results in tight control of the manipulated parameters during experimental periods. The RSS system largely meets the specification of enabling long-term experiments (more than few months) with little fluctuation outside of the desired range, with minor manual monitoring required.
The RSS system is advancement over other existing mesocosm designs particularly in relation to replication. The selection of up to four pH and six temperature settings in a total of 80 aquaria enables the simultaneous testing of multiple scenarios. Furthermore, there is a large degree of userdefined choice with regards to experimental design, e.g., the choice of diurnally fluctuating or fixed pH and temperature. Natural in situ fluctuations are also well achieved in the Kiel Outdoor Benthocosms (Wahl et al. 2015) and also an outdoor system with flow-through fjord water. The RSS system is similar in respect to natural variability; however, it was built to work with the coral reef ecosystem and also to have a high-replicate aquaria number. In addition, the continuous monitoring and feedback system, together with the user alerts, and remotely accessible control software are highly desirable, novel aspects of this system. These additions have greatly simplified the user interface and human monitoring required and are therefore highly recommended inclusions for future mesocosm designs. Finally, the proximity of the facility to the natural reef not only simplifies sample collection and the infrastructure required for a flow-through system, but also helps to best as possible mimic abiotic field conditions, as realized by other existing systems (e.g., Jokiel et al. 2014; Duarte et al. 2015) .
The large scale of the RSS allows for the testing of multiple interactions and varying magnitudes of climate change scenarios with high replication. To date, the system has been used to conduct several successful experiments using a variety of test organisms including scleractinian (Bellworthy and Fine 2017; Krueger et al. 2017; Hall et al. In press) and alcyonarian corals (11 weeks; Liberman unpubl.), sea urchins (11 months) (Hazan et al. 2014) , and fish (4 weeks; Cattanio unpubl.). More recently, the reproduction and early life stages of alcyonarian and scleractinian corals have been experimented upon. Mature coral colonies within the RSS have maintained reproductive synchronicity with field colonies so that transgenerational experiments can be conducted (3 months; Bellworthy unpubl.). Organisms kept long term (many months) in experimental aquaria show little perceptible Bellworthy and Fine A large future ocean mesocosm in the Gulf of Aqaba physiological or behavioral stress in control units and mortality is negligible (pers. observation). While there is multiparameter manipulation potential, in the current design, the RSS is not capable of handling toxic compound or pollutant additions. This is largely due to the fact that water is sand filtered before returning to the sea, without undergoing any additional treatment processes. This ability would also require a proportion of the system to be reserved for contaminant studies only. However, this advancement is a high priority for the RSS since it is understood that corals in the GoA are resistant to global stressors, sea surface temperature rise, and acidification (Fine et al. 2013; Bellworthy and Fine 2017; Kruger et al. 2017 ), yet may well be vulnerable to local scale stressors such as heavy metals or oil compounds. To the best of our knowledge, the only field flow-through system conducting ecotoxicology experiments is at the Coral Vivo Project Research Station in Brazil (Duarte et al. 2015) . Contaminated aquaria are separate from raceway tanks and in order to return contaminated water to the sea, it first passes through activated carbon filters. It is not clear if and how these aquaria are decontaminated should they be reverted to ambient seawater tanks; this possibility would be desirable for the RSS.
The near future aim is to increase collaborative research efforts and to broaden the diversity of organisms used in the system. The RSS is a very versatile system under continuous improvement and therefore has further potential to implement experiments with as yet untested stressors. Upgrades to the robot are underway in order to better facilitate versatile use of the growing number of additional sensors and to enable each robot arm to operate independently when required (Supporting Information Fig. S4 ). In addition, a sand filtration system will replace the current filtration system in hope of reducing macroalgal growth in aquaria and thereby the cleaning effort required (labor intensive at present). Overall, the RSS will continue to be used to conduct long-term multistressor experiments to better elucidate the impacts of global and local scale changes on the GoA and gain insights of how best to conserve the health and diversity of local and global coral reefs.
Conclusions
Anthropogenic global change in the marine environment is multifaceted. Changes in temperature, pH, nutrient composition and concentrations, dissolved oxygen, pollution, and salinity are likely to co-occur to varying degrees of magnitude. The need to conduct factorial, multistressor experiments requires large-scale, high-precision experimental systems that incorporate natural environmental variability into controlled manipulations (Gunderson et al. 2016) . Such large-scale systems would benefit from computerized and automated feedback while maintaining a high degree of user control. We believe the RSS is a progression toward filling these needs. Eighty experimental units allow simultaneous replication of multiple stressors while the outdoor flowthrough design and retention of diel fluctuations within aquaria allow more realistic inferences to be drawn from experimental results. Furthermore, the innovative monitoring robot, equipped with multiple sensors near eliminates the need for human monitoring, aside from regular instrument calibration and visual inspection. This contributes to the prospect of running long-term experiments since per diem human time commitments are reduced. In addition, the robot facilitates the collection of large data sets with high-time resolution which otherwise would require a dedicated team of researchers. The key advancements in this system therefore are the possibilities to conduct large-scale experiments that incorporate natural physiochemical seawater variability and to generate large multiparameter data sets, all with greatly reduced human investment. Consequently, this facility can more rapidly and accurately advance our understanding of the consequences of predicted global change.
